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SYSTEM AND METHOD FOR COORDINATED CONTROL 
OF A SWITCHED POWER CAPACITOR WITH AN INTEGRATED 
RESONANCE PROTECTION SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to systems and methods for coordinated control of 
a switched power capacitor with an integrated resonance protection system. More 
specifically, the invention relates to adjusting calculations made by the primary control 
system in response to a determination of a harmonic resonance condition by the 
resonance protection system. 

Description of the Prior Art 

Existing switched power capacitor control systems may include a primary 
control system and a harmonic resonance protection system. The primary control 
system determines if a capacitor switching operation is needed by comparing actual 
control parameters to target control parameters and determining if a switching 
operation would make the actual control parameters closer in value to the target control 
parameters. Target control parameters are predetermined. Actual control parameters 
are calculated by the primary control system based on measurements of voltages and 
currents obtained with voltage and current transformers respectively. If a switching 
operation is required, the primary control system further determines which capacitor 
bank is to be switched based on other factors such as, for example, a capacitor's size 
and whether a capacitor is connected or disconnected. 

The resonance protection system monitors the circuit for harmonic resonance 
conditions. Harmonic resonance conditions may be due to capacitor switching 
operations or system changes such as, for example, a load change, a system source 
impedance change, or a network topology change. Harmonic resonance may cause 
significant harmonic distortion in the system voltages and currents, which may increase 
the losses in the circuit and cause damage to equipment operating in the system due to 
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overheating and vibration. When a resonance condition due to capacitor switching 
operation is detected, the protection system performs additional capacitor switching 
operation to de-tune the circuit from the sustained resonance. If a switching operation 
is required, the harmonic resonance protection system further determines which 
capacitor is to be switched based on other factors such as, for example, a capacitor's 
size and whether a capacitor is connected or disconnected. 

Existing switched power capacitor control systems may contain both an 
independent primary control system and an independent resonance protection system. 
The independence of these two systems results in several drawbacks. First, the 
independent systems must duplicate certain functions such as, for example, determining 
whether a capacitor is connected and generating a signal to control a capacitor. Second, 
the independent systems may, under certain circumstances, force the capacitor banks 
into a constant on/off operation deadlock. For example, the primary control system 
may determine that a certain capacitor bank needs to be switched on. If switching on 
this capacitor bank tunes the circuit to a resonance condition, then the resonance 
protection system will perform additional capacitor switching operations to de-tune the 
circuit from the sustained resonance. It is possible that the resonance protection system 
may determine to switch off the same capacitor bank that the primary control system 
switched on. Once the capacitor bank is switched off by the resonance protection 
system, the primary control system will switch the capacitor bank back on. This 
operation deadlock can cause excessive wear to the capacitors and the switching 
apparatus. Thus, it would be a great improvement in the art to integrate and coordinate 
the primary control system and the resonance protection system to avoid duplication of 
functions and switching deadlock. 

SUMMARY OF THE INVENTION 

The present invention is directed to systems and methods for coordinated 
control of a switched power capacitor with an integrated resonance protection function. 
The coordination system receives control parameters calculated by the primary control 
unit. The coordination system also receives from the resonance protection system an 
input indicating whether a harmonic resonance condition is present. If a harmonic 
resonance condition is present, the coordination system adjusts the control parameters. 
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If no harmonic resonance condition is present, the control parameters calculated by the 
primary control system are not changed. The coordination system then performs 
capacitor bank switching operations based on either the control parameters originally 
calculated by the primary control system or the adjusted control parameters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood after reading the following 
detailed description of the presently preferred embodiments thereof with reference to 
the appended drawings, in which: 

Figure 1 illustrates a switched power capacitor device in accordance with an 
aspect of the present invention; 

Figure 2 illustrates a block diagram of a control unit of a switched power 
capacitor device in accordance with the present invention; and 

Figure 3 illustrates a flow chart of an illustrative method for coordinating the 
control system of a switched power capacitor in accordance with the present invention. 

DETAILED DESCRIPTION 

Systems and methods for coordinated control of a switched power capacitor 
with an integrated resonance protection function in accordance with the present 
invention are described below with reference to Figures 1-3. Those skilled in the art 
will readily appreciate that the description given herein with respect to those figures is 
for explanatory purposes only and is not intended in any way to limit the scope of the 
invention. Throughout the description, like reference numerals will refer to like 
elements in the respective figures. 

Figure 1 illustrates a switched power capacitor device 120 in accordance with 
an aspect of the present invention. As shown, feeder 110 feeds switched power 
capacitor device 120 that includes breaker switched capacitor banks 140a and 140b 
along with control unit 160. Control unit 160 measures voltage 180 and current 190 to 
determine switching operations for capacitor banks 140a and 140b that provide the 
desired power to load 170. 

Figure 2 illustrates a block diagram of the control unit 160 of the switched 
power capacitor device 120 in accordance with the present invention. Generally, 
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primary control system 220 calculates control parameters. Resonance protection 
system 230 determines if a harmonic resonance condition is present. Coordination 
system 240 adjusts the control parameters if a harmonic resonance condition is present 
and performs capacitor switching operations based on the control parameters. 

As shown in Figure 2, primary control system 220 transmits control parameters 
222 to coordination system 240. Control parameters 222 comprise any parameter 
relevant to the control of a switched power capacitor, such as, for example, power 
factor and node voltage. Control parameters 222 consist of both pre-determined target 
parameters and actual parameters calculated by primary control system 220. Control 
parameters 222 may also consist of the difference between target parameters and actual 
parameters. Primary control system calculates actual parameters based on 
measurements of voltage 180 and current 190 obtained with voltage and current 
transformers respectively. 

Resonance protection system 230 determines if a harmonic resonance condition 
is present and transmits an input 232 to coordination system 240 indicating whether a 
harmonic resonance condition had been detected. Exemplary methods for determining 
if a harmonic resonance condition is present are described in detail in U.S. Pat. No. 
6,181,113 which is hereby incorporated by reference in its entirety. If input 232 
indicates that a harmonic resonance condition is present, then coordination system 240 
adjusts control parameters 222. Coordination system 240 adjusts control parameters 
222 to de-tune switched power capacitor 120 from a harmonic resonance condition. 
Coordination system 240 may adjust control parameters 222 by any method such as, for 
example, reducing the target reactive power by the value of the reactive power provided 
by one capacitor bank. 

Coordination system 240 performs capacitor bank switching operations 244 
based on control parameters 222. Coordination system 240 compares actual control 
parameters to target control parameters, and determines if a switching operation is 
necessary to make the value of the actual parameters closer to the value of the target 
parameters. Coordination system 240 further determines whether a switching operation 
is needed based on other factors such as, for example, the operating status 242 of each 
capacitor bank and the size of each capacitor. Determining the operating status 242 of 
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each capacitor comprises determining whether the capacitor is connected or 
disconnected. 

Figure 3 illustrates a flow chart of an illustrative method for controlling a 
switched power capacitor in accordance with the present invention. At step 310, 
coordination system 240 clears resonance flags. At step 312, coordination system 240 
receives control parameters 222 from primary control system 220. Control parameters 
222 comprise any parameter relevant to the control of a switched power capacitor, such 
as, for example, power factor and node voltage. At step 314, coordination system 240 
determines if a resonance flag is set. 

If a resonance flag is not set, then, at step 316, coordination system 240 
determines whether input 232 indicates that a harmonic resonance condition is present. 
If a harmonic resonance condition is present, then, at step 3 1 8, coordination system 240 
sets a resonance flag and adjusts control parameters 222. Coordination system 240 may 
adjust control parameters 222 by any method such as, for example, reducing the target 
reactive power by the value of the reactive power provided by one capacitor bank. 

If a resonance flag is set, then, at step 320, coordination system 240 adjusts 
control parameters 222. The adjustment made at step 320 will be equivalent to the 
adjustment made at step 318 to avoid performing multiple switching operations prior to 
the reset of a resonance flag. At step 322, coordination system 240 determines if 
resonance flag reset conditions have been satisfied. A resonance flag reset condition 
may be triggered by the expiration of a pre-set time delay or by a system condition 
change that exceeds a preset threshold value. A system condition change may include 
events such as, for example, a load change, a system source impedance change, or a 
network topology change. Such events may de-tune the circuit from a resonance 
condition. If a resonance flag reset condition has been satisfied, then, at step 324, 
coordination system 240 resets the resonance flag. 

At step 326, coordination system 240 determines if a capacitor bank switching 
operation 244 is needed. To determine if a capacitor switching operation is needed, 
coordination system 240 compares actual control parameters to target control 
parameters, and determines if a switching operation is necessary to make the value of 
the actual parameters closer to the value of the target parameters. Coordination system 
240 further determines whether a switching operation is needed based on other factors 
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such as, for example, the operating status 242 of each capacitor bank and the size of 
each capacitor. Determining the operating status 242 of each capacitor comprises 
determining whether the capacitor is connected or disconnected. If a capacitor bank 
switching operation 244 is needed, then, at step 328, coordination system 240 performs 

5 capacitor bank switching operations 244. The method then returns to step 312. 

While the invention has been described and illustrated with reference to specific 
embodiments, those skilled in the art will recognize that modification and variations 
may be made without departing from the principles of the invention as described above 
and set forth in the following claims. For example, while the invention has been 

10 described as adjusting the control parameters by reducing the target reactive power 
value by the value provided by one capacitor bank, the invention may also adjust the 
control parameters by reducing the target reactive power value by the value provided 
by a plurality of capacitor banks. Furthermore, the resonance protection system may 
use any method to detect a harmonic resonance condition and is not limited to the 

15 method described in U.S. Pat. No. 6,181,1 13 which is incorporated by reference above 
with reference to Figure 1. Accordingly, reference should be made to the appended 
claims as indicating the scope of the invention. 



